The power sector is currently experiencing a dynamic transformation, resulting not only from EU directives, but also from current problems, mainly related to ensuring energy security for customers. For this reason, in Poland, it was decided that the model of electricity market operation needed to be changed. A dual market has been created, and a separated segment is the capacity market. This solution operates, in addition to other power mechanisms, in many European Union countries, e.g., in France, Great Britain, and Italy. The experience of these countries indicates the positive impact of the power market on various aspects of the power sector, such as legal, economic, technical and technological, social, and infrastructural aspects, mainly due to technological neutrality and open competition between power suppliers. The creation of the structure of an energy market drastically changes the rules of energy management, which requires investigations concerning the impact of those factors on the energy sector in Poland. The aim of this work is to examine the impact of the power market on the Polish power sector, and to determine the impact of individual consequences on several predefined areas. For this purpose, a questionnaire survey was used. The purpose of a detailed analysis is to develop probable scenarios for the sustainable development of the Polish energy sector.
Introduction
The structure of the Polish electricity mix results from the long-term development of coal energy [1, 2] . The current situation in the international arena, including to a large extent EU regulations, has prompted the Polish government to reflect on the responsible transformation of the sector towards the diversification of primary energy sources [3] , the reduction of CO 2 emission in the manufacturing sector [4, 5] , and the increase in the share of energy produced by renewable sources [6] [7] [8] [9] . Evidently, these aspects are in line with the principles of sustainable development policy [10] .
The objectives of the climate and energy package include a 20% reduction in CO 2 emissions as compared to 1990 levels, an increase in the share of renewable energy to 20% in total consumption [11] , and an increase in energy efficiency, mainly due to the extensive thermo-modernization of buildings. The time horizon defined in the EU Directive is 2020 [12, 13] . However, the plans of the European Commission for the next decade are already pointing to the definition of new, more rigorous goals as well as the gradual withdrawal from conventional energy in favor of renewable energy sources [14, 15] .
• Adequate quality of network infrastructure, whose development is determined by appropriate regulatory mechanisms; • An appropriate amount of production capacity, developed through competition mechanisms, which significantly depends not only on the volume of installed capacity, but also on other factors such as availability, location, technology; • Energy storage facilities, for which the point of development is the need to stabilize the network, for which increasing the share of unstable RES sources in the energy sector will also be an increasing challenge [23] ; • Sector coupling, which can be an enabling solution for energy efficiency improvement [24] .
The course of sustainable development processes must also take into account the interdependence and connections between various socio-economic areas.
Previous solutions for maintaining strategic reserves carried the risk of a sharp increase in the prices of electric energy as soon as shortages were recorded in own generation, and these solutions, according to the forecasts of Polskie Sieci Elektroenergetyczne (Polish Electroenergetic Grids), will occur around 2021-2023 depending on the adopted scenario of reaction to the EU BAT conclusions (Best Available Techniques-EU environmental guidelines included in the legislative package regarding various sectors of the economy) [25, 26] .
Two models were developed:
• The so-called "Modernization" scenario, assuming a wide modernization of existing generation sources with a view to increasing the efficiency of production and reducing emissivity; • The so-called "Withdrawals" scenario, assuming the obsolescence of generating sources that do not meet emission standards or production efficiency below a reasonable level.
The previously functioning single-market energy market did not provide sufficient investment signals for the modernization or construction of new generation sources [27, 28] .
Growing investment risk, long and uncertain periods of investment return as well as the unstable development of RES caused by additional, non-market support mechanisms led to changes in the current functioning of the energy market model, crucial from the point of view of energy security. A separate market segment was created-A power market [29, 30] . The energy market has become a dual-product market, where, apart from the purchase and sale of physically consumed electricity, the readiness to supply it is also purchased [31, 32] .
Economic development is closely related to the condition of the power sector, which in turn depends to the greatest extent on the level of energy security and sustainable development policy [33, 34] . Dynamic changes in the structure of the electricity mix are caused, inter alia, by changes in the development strategy of individual countries (of the so-called "Old Union"), which have the greatest impact on the creation of new legislative solutions [35] , and are motivated by principles of sustainable development [36] , and consequently climate policy [37] , as an indispensable element of planning reforms in the power sector [38] . In the German energy system, we can currently observe a gradual phase-out of nuclear and coal-fired power for renewable energy sources for which good generation sites are far from the load centers [39, 40] . Capacity mechanisms can help to safeguard the security of electricity supply, but they must be designed so as to avoid distortions of competition in energy markets. A lack of appropriate mechanisms and regulations in the long term may lead to an inevitable market zone split [41] . The experience of the German power market is therefore important for all EU countries.
Germany has been using various power mechanisms for many years, supporting the maintenance of reserves at a responsible level and balancing supply and demand in conditions of unstable expansion of renewable energy [42, 43] . For this purpose, a strategic reserve and a network reserve [44] are maintained. They are intended to provide revenues to conventional power plants, ready to supply electricity during periods of shortages in RES generation, e.g., on windless or cloudy days [45] . The necessity of using support mechanisms for stable, conventional energy sources does not fit into the list of arguments supporting the thesis about the change of the energy market model based solely on renewable sources [46] . The discussion on this subject will take place until the capacity of industrial, large-scale storage of electricity is developed [47] . Summing up the brief characteristics of the German power industry, one can conclude that the galloping development of renewable energy, based on various energy sources, is supported by a significant volume of installed capacity in conventional, stable units [48, 49] . In Germany, it was assumed that the electricity market should ensure security of supply and reduce costs in order to allow for innovative and sustainable development.
The largest volume of electricity generated in France is attributable to nuclear sources (73%)-stable and zero-emission [50, 51] . It is also worth mentioning the renewable energy (responsible for 19% of electricity produced) [52] . Specific geographical conditions and water availability in France were and are a determinant of the development of sources using water bleed energy (pumped storage power plants and hydropower plants) as well as the energy of ocean waters (tidal power plants) [53] . All of these issues are directed towards the country's energy competitiveness, the security of supply, and sustainable development [54] .
The specificity of the French energy market results from the successively implemented, long-term energy policy [55] , initially supported by capacity mechanisms in the form of planned reserves, followed by the introduction of a decentralized capacity market [56] .
In the French model, the end recipient is obliged to acquire a certain volume of power, somehow reserved in the national power system [57] . The amount of such an obligation is directly proportional to the amount of electricity consumed. The capacity certificates, sold by energy producers and sites that can decrease their power capacity on demand, can be exchanged by auctions and OTC (over the counter). One capacity certificate is equivalent to 0.1 MW. Thus, there is a dual market, the energy market and the power market, together shaping a responsible pricing policy while maintaining a high level of energy security [58] .
The energy economy of Great Britain is based to a large extent on the use of natural gas for electricity generation (43%) [59] . It is a technology resulting from the possibility of quick responses to changes in RES supply, and considered in the current discourse on climate and energy reform as bridging due to its low CO 2 emission, the use of its own resources, and its production flexibility, which is important for energy security [60, 61] . Creating a stable environment for the development of renewable energy sources in the United Kingdom has historically been based on maintaining a strategic reserve, i.e. an overvalued level of power available in the system, ensuring the energy security of the state [62] . A few years ago, it was decided that a centralized power market with one system operator as the buyer needed to be developed and implemented. The model consists in subsidizing production units that are maintained in readiness in the event of a period of danger. Therefore, auctions are organized where manufacturers offer the operator power obligations and thus a certain volume of power that they are able to deliver to the system as needed. Offers are ranked based on criteria of the price, emissivity, and availability of a given production technology. Auction winners conclude long-term contracts with the operator [63, 64] . Demand reduction mechanisms have also begun to develop, as they are the most effective form of power delivery to the power system [65] . As a result, the measures taken by the UK Government have increased the level of energy security and climate change towards the path to a sustainable, low-carbon future. The capacity market is the UK government's primary policy for ensuring security of electricity supply. The biggest challenge for the security of supply in the GB market is now providing flexibility rather than reaching an overall level of capacity.
By implementing solutions tested in other power mechanisms of Western countries, and by comparing functional solutions with specific conditions of the national power sector, we obtained an image of production resources ( Figure 1 ) [66, 67] . A gap has been defined at the appropriate level of generation capacity at the level of at least 8.5 GW, which gave rise to considerations regarding the change in the electricity market model from the single market to the dual energy and power market. The aim of the present work was to analyze the effects of the introduction of the power market in Poland. The change in the model of the electricity market determines multi-faceted consequences for significant areas of the national economy. The estimation of the results of the introduced regulations and a detailed analysis of the impact of functional solutions was aimed at estimating the development direction of the Polish power sector over the next several decades respecting the principles of sustainable development [68, 69] . The analysis also includes the DSR (demand side response) service for reducing power demand using power demand management tools. This factor contributes to strengthening the security of the NPG and balancing the system in critical situations.
Methodology
The power market in Poland is a new mechanism. For this reason, a study in the form of an expert survey was selected to analyze the potential effects of its introduction, which will provide knowledge about shaping appropriate mechanisms to disseminate the idea of sustainable development. The survey was completed by 30 experts holding managerial positions in the Poland capacity market. Two questionnaires were received with some questions unanswered, so they were not taken into account in the analysis. For this reason we have 28 columns in Figure 2 . One column corresponds to one expert. • Scenario (the purpose of the questions from this section was to develop the most likely scenario of the development of the Polish power industry, referring both to European regulations and domestic strategies redefined by the market power); • Area (the purpose of the questions contained in this part of the survey was to examine the probability of occurrence of particular legal, economic, economic, or social effects that could be taken into account when preparing a long-term perspective for the power sector). 
Results

Figure 2.
Survey results-the general section (impact of the power market on a given area of the electric energy sector).
The preparatory phase, constituting the substantive foundation of the questionnaire, is an open form, addressed to the representatives of the power system operator and law enforcement authorities regarding the capacity market. The form contains open questions regarding the anticipated effects of the introduction of the capacity market in Poland and the estimated share of individual technology groups in the first power auctions. The experts' answers formed the basis for preparing the questions closed in the survey. In the survey, the respondents estimated the probability of a given effect of a dual-purpose market on the power sector, broken down into economic, social, technical and technological, legal, and infrastructural areas. They also chose the most likely scenario for the development of the power sector in Poland, determined by the introduction of a dual market. The most probable results and the vision of changes in the power industry over the next 20 years were determined from analysis of the answers.
Among the experts participating in the study, representatives of entities from the regulatory sector can be distinguished (PSE = Polskie Sieci Elektroenergetyczne SA; ME = Ministry of Energy; K&Z = Chancellery of the Prime Minister; ERO = Energy Regulatory Office) as well as electricity generation (PGE = Polska Grupa Energetyczna SA; PGE EO = PGE Energia Odnawialna SA, Tauron Wytwarzanie SA) and customers-DSR (ORLEN-PKN = Orlen SA; AZOTY = Grupa Azoty SA) and final customers. Representatives of the said entities were asked to indicate the likely effects of the implemented regulations and to estimate the share of individual technological groups in the upcoming power auctions.
From the answers sent in the above, a questionnaire was created, consisting of three sections:
• General (the purpose of the questions contained in this section was to identify the area with the largest impact of the implemented regulations); • Scenario (the purpose of the questions from this section was to develop the most likely scenario of the development of the Polish power industry, referring both to European regulations and domestic strategies redefined by the market power);
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• Area (the purpose of the questions contained in this part of the survey was to examine the probability of occurrence of particular legal, economic, economic, or social effects that could be taken into account when preparing a long-term perspective for the power sector).
Results
The research focused on ensuring sustainable development is presented in three sections: the general section, the scenario section, and the area section.
In the first section (general section), respondents were asked to qualify the impact of introducing the power market in Poland to particular areas of the power sector. For this purpose, 100% of the five predefined groups of regulation effects were separated (Figure 2) .
The aim was to examine to what extent the introduction of the power market affects the legal, technical and technological, economic, social, and infrastructural areas, and hence in which areas the most noticeable effects of the introduced power mechanism will occur. The choices were as follows:
•
The regulatory area (A1) covers all types of legal acts, both national and European, influencing the shaping of the electricity market, as well as implementing acts and European Commission regulations regarding state aid.
Technique and technology (A2) covers all electricity generation technologies, including increases in the efficiency of production and techniques that reduce the level of demand for electric energy (DSR with internal generation and without generation) as well as changes in demand in the daily cycle (e.g., energy storage).
The economy (A3) covers the broadly defined financial liquidity of energy enterprises as well as the profitability of investments in modernization or the construction of new generation sources.
The social area (A4) covers all final consumers (individual and industrial). Power security, which is key for the power market, is mainly addressed in this area. Society acts as the final payer for readiness and the most important beneficiary.
The infrastructure area (A5) covers all kinds of activities related to network infrastructure-the construction or reconstruction of overhead or cable lines and additional infrastructure (e.g., switching stations).
There is a noticeable difference in the prediction of the impact of regulation on individual areas depending on the subject being surveyed. The values averaged for each subject are shown in Figure 3 . All surveyed entities point to a significant impact of the introduced regulations on the legal (A1) and economic (A3) areas. It can be concluded that the power market in Poland will be a strong incentive to change the model of functioning of these areas in the current shape. The direction of changes is difficult to estimate at this time. A marginal impact on the infrastructure area is forecasted (A5), which is due to the relatively small necessity to modernize power grids as a result of changes taking place in the manufacturing sector.
Entities focused on the creation of regulations (ME, ERO, and K & Z) indicated significant changes in the existing functioning of the legal area of the power sector. This is connected with a profound change in the existing single-commodity market, where the only commodity was electricity. The expected effects of the introduction of the capacity market in Poland are reflected in the creation of a separate market segment-the capacity market, operating in parallel to the current one. The dual market, however, introduces the need to regulate the participation of two seemingly independent transaction areas.
The entity responsible for all power market processes (in the PSE study), also performing an operational role, draws attention to the effects visible in the area of technique and technology. There is a connection in the smart metering of a network between the generating unit and the operator, which is a requirement for regular trading in the power market. The development of smart metering is a side effect of participation in the power market. In the operator's opinion, the area of technology and technology is also important due to the forecasted share of the demand side in the capacity market and the development of electricity storage technologies in the medium-term perspective by entities representing renewable energy sources. Increasing the controllability of renewable sources, such as wind farms or solar farms, allows for a greater share of the above-mentioned units in power auctions in future years.
Recipients of regulations (PGE, PGE EO, ORLEN, and AZOTY) pay attention to the crucial importance of an appropriate legal framework for process correctness, interest in providing DSR services, or power market participation by entities using the RES support system-participation in the power market necessarily involves a decline in the support obtained from the RES auction for remuneration for readiness on the power market.
The introduction of a dual-market model in Poland prompts us to consider the shape of the national power industry in the future. Poland faces very serious decisions regarding a long-term energy strategy, a future electricity mix that coincides with global trends, such as fuel diversification and the annual increase in the share of "green" energy.
The aim of the scenario section (second section) was to investigate in which direction the Polish energy industry is heading and how the introduction of the power market will affect the strategy chosen so far.
The first part is the estimation of the share of individual energy technologies in the capacity market. The results show a graph of the percentage share of individual technologies in the upcoming power auctions (Figure 4) . Respondents pointed to the decisive advantage of the number of coal-fired power plants participating in the auctions. The forecasted significant share of gas power plants or the demand side (DSR) is noteworthy. This demonstrates the potential visible increase in public awareness of managing current energy consumption and modeling own needs dictated by the demand of the network. By averaging the results of the survey, a probable distribution of the technologies involved in the auction was obtained ( Figure 5 ). In the second part of this section, the respondents determined the probability of occurrence of predefined scenarios for the Polish power industry. Among them were
A conservative scenario covering the modernization and construction of new conventional sources, with small fluctuations in the volume of installed capacity in RES sources; • An innovative scenario including increased interest in providing demand reduction services, construction of energy storage, and growing imports of electricity; • An EU scenario covering the dynamic development of renewable energy and stable gas sources, mainly for the needs of the balancing market;
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• A nuclear scenario, replacing coal-fired generating units with the construction of a nuclear power plant with a capacity corresponding to discontinued sources.
The long-term perspective is shown in Figure 6 . After analyzing the results of the expert study, the average probability distribution of one of the four scenarios was estimated. There is a clear advantage in the conservative scenario. In the perspective of several decades, it is predicted that the existing trends in the dominance of conventional energy in the domestic structure of generation sources will be maintained (65.84%). However, it should be assumed that the conventional background of the power sector will be a favorable environment for the sustainable development of innovation in the power industry, such as new methods of electricity storage and smart meters for monitoring the supply and demand situation on the market in the current mode (25.22%). In spite of the few responses to the EU scenario, the opinions of experts on the development of green energy, as an inevitable consequence of the introduced changes, can be interpreted as a path for the Polish energy sector. The main obstacle is their lack of futility. If the consequence of introducing the power market in Poland will be the market model described herein, as predicted in the results of this study, the possibilities of the current control of production sources and buffering of electricity in warehouses will allow for the development of renewable energy sources, even though the answers of experts do not directly indicate the above sources as beneficiaries of the capacity market.
The purpose of the research area section (Section 3) was to define the detailed effects that result from the introduction of these regulations in each of the sector areas studied (Table 1) . To this end, the weighted average was used, and the following criteria for the division of effects were adopted: Each category was assigned a numerical category (from 0-no impact, to 5-critical impact). By means of the arithmetic mean method, weights for individual effects were then calculated. The arithmetic weight of the effects of regulation is presented in Table 2 . Respondents' answers, along with the qualification of the impact of a given effect on the power sector, are presented in Figure 7 . A detailed analysis was made of the effects of introducing a power market, the impact of which on the power sector exceeds 20%. Eight effects have been defined with noticeable, significant, or critical impact on the shape of the power sector. These are as follows: I3: 46.93%; I1: 31.85%; S1: 66.14%; E2: 26.65%; E1: 62.36%; T3: 41.11%; T1: 27.08%; P1: 69.93%. Giving weights to the individual effects allowed for estimation of the volume-weighted average probability of the load of individual sectors, which is shown in Figure 8 . The power market in Poland seems to be receiving positive feedback from the industry. It can be a solution to many problems in the power sector, concerning not only the supply side but also the recipients. Among the most probable effects of the introduction of the discussed regulations, there was an improvement in the energy security of the recipients, which is consistent with the legislator's intention and allows one to look optimistically at the potential imbalance of the system in the coming years. Much attention has been paid to improving the financial condition of producers and thus to increasing the stability of the operation of the power plant. Thus, in the future, the conditions created to support basic sources will be the driving force for the development of uncontrolled, renewable energy sources. Expenses incurred to support sources participating in the capacity market, according to respondents, will satisfy the needs of modernization of existing units, and to a The power market in Poland seems to be receiving positive feedback from the industry. It can be a solution to many problems in the power sector, concerning not only the supply side but also the recipients. Among the most probable effects of the introduction of the discussed regulations, there was an improvement in the energy security of the recipients, which is consistent with the legislator's intention and allows one to look optimistically at the potential imbalance of the system in the coming years. Much attention has been paid to improving the financial condition of producers and thus to increasing the stability of the operation of the power plant. Thus, in the future, the conditions created to support basic sources will be the driving force for the development of uncontrolled, renewable energy sources. Expenses incurred to support sources participating in the capacity market, according to respondents, will satisfy the needs of modernization of existing units, and to a much lesser extent will allow one to think about future multi-million investments. As a side effect of participation in the power market, the promotion of smart metering will become popular. It can be stated that respondents' opinions on potential effects are convergent with the needs that a Power Market Act would satisfy.
Conclusions
The results of an expert study conducted to identify the potential consequences of the introduction of the capacity market in Poland and the long-term effects of regulatory impact on the energy sector are not surprising. The opinion of experts on the future of domestic energy and changes determined by the capacity market is consistent with the legislator's intentions. The mechanism was introduced responsibly and will meet needs, and it can become a valuable tool for the implementation of the goals of sustainable development.
On the basis of the dual market, a new approach to energy management can be built in general, as the revolution currently taking place in all areas of the sector has been based on a solid base of fundamental rights, namely energy security and sustainable development. Experts do not predict a sharp change in electricity generation. The results of the study, although they do not directly point to a change in direction only towards RES, coincide with trends currently observed in Europe and worldwide-the development of renewable energy, reductions in emissions due to energy production, and a rational look at energy as a product according to the principles of sustainable development. The analysis allows one to draw the following conclusions:
• There are a number of mechanisms to maintain energy security. Taking into account the specific conditions of the Polish power sector, the choice of a centralized power market seems to be the right choice, as it allows for a rational, competitive participation of all electricity generation technologies and DSR entities in the power auction. Rationalization manifests itself primarily through the conduct of the auction in the Dutch formula, with a declining price.
•
The developed model of the Polish power market admits entities from the manufacturing sector and recipients to the auction, taking into account the actual restrictions. The inclusion of these aspects is manifested through the introduction of a correction coefficient of availability (KWD) for each technology.
In each of the areas of the power sector predefined in the study, experts point to the effect of introducing a power market that strongly affects the direction of future changes. It is worth noting that the level of energy security and the construction and modernization of conventional generation sources deserve special attention. Both factors, according to the survey results, are characterized by a high probability of occurrence.
The capacity market allows for the creation of a strong foundation for the development of renewable energy sources, despite the fact that the new regulations will not support these technologies.
The share in the power market somehow forces innovations in the energy sector. The development of smart metering or energy storage technology is included in the requirements for power suppliers.
There is no forecast of a rapid technological change in the manufacturing sector. Economic signals for investments in the generation sector will go mainly to conventional power plants, to gas-fired power plants, and to the demand side and result in their modernization. The role of DSR on the electricity market will increase significantly.
• The capacity market will be a kind of guarantee for the return on investments incurred. Experts point to making decisions on the construction of an offshore wind farm or a nuclear power plant motivated by a new remuneration mechanism for readiness.
The modern electricity grids worldwide have begun to rely more heavily on renewable energy sources, most of which are intermittent and distributed in nature. There is a concern that grid operators and power markets will struggle to cope. The subject of intense interest to power generation companies and transmission organizations across the globe are experiences from the German power market in this regard.
It is estimated that in the near future we will observe in the EU a transition, for example, in gas engines, from an electricity market to one that is predominantly supplied by intermittent renewables balanced with flexible generation.
In the largest EU countries, Demand Response (DR) is being prioritized in managing electricity networks, particularly in case of shortage risks in national energy systems [70] .
The introduction of a power market should affect the principles of energy management, opening more space for renewable energy sources and supporting energy efficiency on the side of consumers, contributing therefore to an increase of sustainability in the economy.
It can be assumed that the marked change being introduced will also create an increase in energy security and bring Polish energy to a state closer to that of Germany. 
